The basic function of a modern electric power system is to satisfy the system load and energy requirements at the lowest possible cost, while maintaining an adequate degree of continuity and quality of supply. In addition, utilities are encountering increasing uncertainties in economic, political, societal and environmental constraints. This has resulted in a requirement for more extensive justification of new system facilities and more concentration on service system. A brief review of the typical operation of a utility system will demonstrate what a utility customer might reasonably expect in his electric service to identify and rank the system design requirements to improve services of utility.
Introduction
A principal factor in the performance of an organisation is the quality of its products or services. There is a worldwide trend towards more stringent customer expectations with regard to quality. The quality system of an organisation is influenced by the objectives of the organisation, by the nature of product or service and by the practices of the organisation. While the quality control of products have for many years been associated with industry, it has for some time been realised that the performance of a service industry such as the electricity department of a local authority is likewise evaluated by its consumers on the quality of its service. Electricity utilities are mostly sheltered from competition due to the geographically restricted nature of their service, the benefits of quality management in service industries are on the whole, the same as for manufacturing and service industries operating in a competitive situation. In the past, electricity utility customers have tolerated service interruptions with very few complaints. In today's electricity market, more customers are using more computerised processes and are becoming increasingly sensitive to any power interruptions. Customers in the competitive energy market will not only have the option of selecting their suppliers of electricity but also will demand more services and different levels of quality from their transmission system providers. Therefore, for a transmission provider to compete in today's competitive market, capital expenditures should be spent efficiently and system reliability should be accurately evaluated. In addition, the issues concerning customers and, in particular, the frequency of supply interruptions and the quality of power supply will be more dominant.
There are different causes for supply interruptions to customers such as equipment failures, weather, environment, human errors, foreign interference, system conditions, etc. These supply interruptions can be momentary or sustained and can have different impacts on customers. Some customers may tolerate momentary interruptions while others may not. Solutions to minimise or eliminate supply interruption events to customers regarding service continuity and power quality are now available and are being implemented by electricity utility. Customers are expecting that utilities will provide both basic as well as premium services to customers once the electricity market opens up to competition. As Indian electricity is doing Monopoly business and the Government of India has tried a lot for the development of electricity sector by reforming and restructurising but still without customer satisfaction everything is in vain. To know about consumer's perception about electricity service satisfaction a survey is done and to satisfy consumer needs a framework is designed by quality function deployment (QFD) for electricity utility service. From this type of framework, the system design priorities are found for electricity utility service. From the system design priorities, the electricity industry should learn a lesson for framing policies and designing it's infrastructure with modern technology such that this Indian Electricity Industry can open up to competition and excel by its service.
In this paper, first of all literature review is done then survey is conducted by forming a questionnaires based on consumer perception about electricity service. After that few data analysis is done like factor analysis and dimension of electricity service are found as per consumer needs. Then to satisfy these consumer requirements design requirements are selected for electricity service and HOQ is made by consumer needs and design requirements using QFD technique. At last, the design requirements are ranked.
Literature review
Service industries have become very competitive and customers are more concerned about quality today. Customers nowadays are very choosy for spending money. Anwar et al. (2010) have explained quality product or service is their first and foremost preference. For a service provider, the challenge is to tune up their service with all desirable qualities so that the customers' expectations are met. Basic utilities offer another challenge to researchers because their inherent characteristics distinguish them from other regular services. Anwar et al. (2010) have focused on the application of QFD on a utility service company to improve its quality of service through designing the house of quality matrix. Azadeh and Movaghar (2010) have suggested an integrated approach based on data envelopment analysis (DEA) and principal component analysis (PCA) for efficiency assessment and optimisation of transmission systems. Rekettye and Pinter (2010) have established relationship between satisfaction and price acceptance in the context of the Hungarian electricity utility sector. In the changing business environment of electrical utilities, assessment of the future challenges for the network operation in business processes of electric utilities and service providers has been examined by Bradd et al. (2008) . Wyk et al. (1992) have briefly explored the advent of quality management systems in electricity utilities. According to Reddy (2001) , Indian electricity boards (as India's utilities are called) have been trapped in the crises of capital, access/equity/distribution, environment and service performance. Clark (2000) has discussed barriers and possible solutions for new power sector contexts. Lamedica et al. (2001) have explained regarding the problem of the power quality cost of industrial customers is particularly important at present in the new scenario of competitive electricity markets. Naveh et al. (1989) have proposed a hierarchical model consisting of control of the process, evaluation of the process, and organisational assessment for handling quality information with the aim of improving quality and productivity in an organisation. Frazier (1999) has emphasised the purpose of a power system is to provide economical and reliable electric service to the end user. Narman et al. (2009) have projected a method to assess the quality of information and communication technology (ICT) solutions for asset and workforce management applications within the power industry. Hamoud and El-Nahas (2003) have described a probabilistic method for evaluating the level of supply reliability to a customer entering into a performance-based contract with a transmission provider. Yin et al. (2001) have conducted a survey to obtain preliminary information on power quality requirements in high tech industries. Carter (1989) has discussed about the most common power problems plaguing industries. Chan (1993) has described the increasing demand of good services from customers of utility industries. Load forecasting is the most important factor for estimating the power needed for consumers; it provides load prediction for generation scheduling and unit commitment decisions. Mamlook et al. (2009) have described a fuzzy inference model for short-term load forecasting in power system operation. Zhang et al. (2009) have proposed that effective power supply service management is an important prerequisite for power supply enterprises to win in the competitive market and suggested a gap model to resolve this dilemma. Sastry (1997) has covered several types of problems of electricity supply and power system. Sullivan (1996) has made a comprehensive study on the economic value of electric service provided by power companies and also statistically analysed economic indicators of customer value of service, customer expectations for service reliability and power quality. Quantitatively evaluating the service quality of power supply is significant in electricity market, and it is beneficial to improve service quality. Delgado et al. (2007) have proposed customer satisfaction index scores measured through application of QFD. Maia and Goncalves (2008) have proposed an approach for next day peak load forecasting for electrical companies. A non-linear model for the peak load is proposed taking into account the historical load and the temperature, each of which was estimated using an online recursive algorithm. Gribik et al. (2007) have suggested that the electricity market models require energy prices for balancing spot and short-term forward transactions. For the simplest version of the core economic dispatch problem, the formulation produces a well-defined solution to the pricing problem in the usual intersection of the supply marginal cost and the demand bids. Parasuraman et al. (1985) have devised a gap model and investigated the service quality. Because of the intangible nature of services, service quality is inherently more difficult to measure than product quality. Service quality perception results from a comparison of customer expectations with actual service performance. Parasuraman et al. (1988) have proposed a conceptual framework for service quality. Ghosh (2008) has discussed the monthly peak demand of electricity in the northern region of India using univariate time-series techniques. Cronin and Taylor (1992) have developed a 'performance-based' service quality measurement scale called SERVPERF and explained customer's perception of service quality is based on his 'preconceived' attitude about the service. Cronin and Taylor (1994) have explained that SERVQUAL actually does not measure either customer satisfaction or service quality; rather it appears at best an operationalisation of only one of the many forms of expectancy disconfirmation. Cronin and Taylor (1994) have asserted that since SERVQUAL seems to have little empirical and conceptual research support, SERVPERF can produce a valid and reliable measure of service quality. They have insisted, based on their research, that the scale can provide a reliable, valid and useful tool for measuring overall service quality levels or attitudes. Cronin and Taylor (1992) have indicated that SERVPERF is a more appropriate measure because consumer satisfaction has a greater influence over the purchase intentions of the consumer than service quality.
Survey instrument and data collection
To determine the scope of electricity industry and their relationships with the overall service quality, a questionnaire survey was conducted and a standard questionnaire was designed for all the customers in different sectors. The questionnaire consists of two parts. The first part comprises eight questions concerning the demographic profile of the respondents and the second part consisting of 26 questions investigating the respondent's perception about the service quality of electricity utility industry. Five hundred questionnaires were circulated to different consumers by internet, phone and by personal contacts. Among them 293 questions were responded by 150 domestic customers, 43 industrial and commercial customers, 54 agricultural, 46 by public organisational consumers. So, respondent rate is 78%. It is good for data analysis. A Likert-scale of seven scales is used for data collection. (1 = totally disagree, 2 = partially disagree, 3 = somewhat disagree, 4 = no opinion, 5 = somewhat agree, 6 = partially agree, 7 = totally agree). Table1 shows the standard questionnaire for all type of consumers Table 1 The questionnaire used for survey The metre checking is done by trained employees. 1 2 3 4 5 6 7 10 Metres and sub metres are provided to all consumers. 1 2 3 4 5 6 7 Applying for a new electricity supply is easy and it is provided in regimal time.
1 2 3 4 5 6 7
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The basic electricity safety lessons are displayed at the required places like. Electric poles, succession light, no entry areas and ghost mark are also mentioned. 4 Results and discussions
Factor analysis
Factor analysis on 393 useful responses has been conducted using principal component method followed by varimax rotation via. SPSS 17.0. Twenty items were loaded more than 0.6. These 23 items categorised under seven dimensions constituting various variables for proposed instrument for measuring the service quality of electricity industry. The items that fail to get loaded more than 0.6 were not considered for further analysis. They refer to items 1, 4, 6, 8, 15, 17 and 20 . Percentage of total variance explained was found to be 79% which is an acceptable value for the principal component varimax rotated factor loading procedure (Johnson and Wichern, 2002) . The internal consistency of the actual survey data were tested by computing the Cronbach's alpha (α). The value of alpha for each dimension is shown in Table 2 , and the value of alpha for over all dimensions is 0.7493 which is well above the acceptable value of 0.70 for demonstrating internal consistency of the established scale (Nunnally, 1998) . The value of Kaiser-Meyer-Olkin (KMO), which is a measure of sampling adequacy, was found to be 0.79 indicating that the factor analysis test has proceeded correctly and the sample used is adequate as the minimum acceptable value of KMO is 0.5 (Othman and Owen, 2001). Therefore, it can be concluded that the matrix did not suffer from multicollinearity or singularity. The result of Bartlett test of Sphericity shows that it is highly significant (sig = 0.000) which indicates that the factor analysis processes is correct and suitable for testing multidimensionality (Othman and Owen, 2001) . Therefore, the statistical tests has resulted that the proposed items and all dimension constructs for measuring service quality in utility industry • empathy: providing caring individualised attention, as in a quick, helpful response to the need of the customer • tangibility: the physical aspects of the service; facilities, equipments and appearances of the business site • reliability: performing the service dependably, accurately, and consistently
• responsiveness: the willingness to provide prompt service
• security and stability: guide the customer to use power more security and electricity quality and power supply reliability of instruments are sound enough for analysis. Table 3 Naming of constructs
Item 11 A 'complaint number' is received at the time of registering, and the complains are rectified in time.
Item 12 In case any problem with transformer it is immediately replaced.
Item 16 In case of any maintenance work the electricians are available and in time the rectification is done.
Reliability
Item 23 Supply is according to demand.
Item 9
The metre checking is done by the trained employees.
Item 10 Sub metres are also provided by them to all consumers.
Tangibility
Item 20 Due to no fluctuation of voltage the whole system works properly.
Item 3
The quality of power supplied is provided regularly without interruption.
Item 5
For the ease of customers the mode of payment of electric bills are through cash collecting counter, e_payment mobile vans and through customer care centre.
Responsiveness
Item 7 Utility staffs are available for registering complaint and for maintenance work, for enquiry.
Item 6
Fines imposed for delayed payment and rebates for punctual payment.
Item 18 Applying for a new electricity supply is easy and it is provided in regimal time.
Empathy
Item 19 The basic electricity safety lessons are displayed at the required places like. Electric poles, succession light, no entry areas and ghost mark are also mentioned.
Item 24 No queues no delay at the time of bill payment, mobile vans and cash counter are available.
Item 25 Authentic receipt is provided to consumer against bill payment.
Security and stability
Item 26 The justice and accidental benefits and subsidies are provided to consumers categorically. In Table 2 , factor analysis is done and dimensions reliability, tangibility, responsiveness, empathy, security and stability are found. In Table 3 , these dimensions are named as per their characteristics and in Table 4 they are ranked.
QFD for electricity utility service
QFD is a tailored process to analyse customer requirements in detail and translate them into the designers' language. QFD method is originally stemming from product development but it is also a suitable means to support the development of a wide range of services. QFD uses a series of matrices to document information collected and developed and represent the team's plan for a product. The house of quality (matrix) is the most recognised form of QFD having two requirements, i.e., customer and technical. Customer requirements (what is) are a structured list of requirements derived from customer feedback. Technical requirements (how is) is a structured set of relevant and measurable product characteristics. Interrelationship matrix and planning matrix illustrates customer perceptions observed in market surveys. It also includes the relative importance of customer requirements, and company and competitor performance in meeting these requirements. An appropriate scale is applied, illustrated using symbols or figures. Filling this portion of the matrix involves discussions and consensus building within the team.
Application of QFD
Tests of reliability and validity identified a total of 16 customer requirements and 20 design characteristics. These were incorporated in a questionnaire that was used in the second stage of the study. In Table 5 , the customer needs/requirements are narrated and Table 6 shows the design requirement to satisfy consumer needs.
Table 5
Customer requirements A 'complaint number' is received at the time of registering, and the complains are rectified in time.
In case any problem with transformer it is immediately replaced.
In case of any maintenance work the electricians are available and in time the rectification is done.
Supply is according to demand.
Sub metres are also provided by them to all consumer.
Due to no fluctuation of voltage the whole system works properly
For the ease of customers the mode of payment of electric bills are through cash collecting counter, e_payment mobile vans and through customer care centre Utility staffs are available for registering complaint and for maintenance work, for enquiry.
Applying for a new electricity supply is easy and it is provided in regimal time
The basic electricity safety lessons are displayed at the required places like. Electric poles, succession light, no entry areas and ghost mark are also mentioned.
No queues no delay at the time of bill payment, mobile vans and cash counter are available.
Authentic receipt is provided to consumer against bill payment.
The justice and accidental benefits and subsidies are provided to consumers categorically.
Table 6
Design requirements
Power shedding should be less.
Voltage fluctuations must be less.
Transformers and other equipments with high resolution must be used.
Good metres and equipments must provide to all customers.
Reading the electricity metres and paying the electricity bills should be regularly done.
F-aid repair must be done.
Complaints and lawsuits are listened and actions taken.
Applying for metres and new connection must be as quick as possible.
Power demand side management (DSM) must be taken care.
Employee's behaviour at the time of enquiry and providing service must be good.
Employees should be cooperative to all consumers.
Good training and education is provided to employees to make them skilled.
Regular service must be provided.
Customer care systems must present for bill payment.
Electricity policy is always followed.
Safety, security rules must be displayed.
Advanced technology implementation for supervising system equipments.
Advanced technology implementation for quick power distributions.
Monitoring and supervising system must be strong enough for safety and emergency. A QFD matrix was prepared, and the respondents were asked to assign numeric relative importance scores to the various customer requirements, from the lowest to the highest, on a scale from 1 to 5. They were also asked to express, in numeric values, the strong-moderate-weak relationship between what's and the how is, on a scale of 9, 3, and 1. After the responses were collected, scores for each of the columns was computed. The absolute values were computed for each column, and the respective what's and how's were then ranked. In Table 8 , customer revised rating is calculated. Revised customer rating for the needs were determined from the correlation matrix of customer ratings = ( )
th initial customer rating and z j denote the relationship between customer need and customer rating respectively n number of customer need
The individual rating for each design requirement is obtained from the centre matrix using the following relation. Table 8 Customer rating
Description Rating Customer rating
A 'Complaint Number' is received 5 1.107
In case any problem with transformer 5 1.983
In case of any maintenance work the electricians are available and in time the rectification is done 4 2.454
Supply is according to demand. 3 2.340
The metre checking is done by the trained employees 2 1.220
Sub metres are also provided by them to all consumers. 2 3.000
Due to no fluctuation of voltage the whole system works properly 5 5.828
For the ease of customers the mode of payment of electric bills are through cash collecting counter, e_payment mobile vans and through customer care centre 3 5.760
Utility staffs are available for registering complaint and for maintenance work, for enquiry.
Fines imposed for delayed payment and rebates for punctual payment. Applying for a new electricity supply is easy and it is provided in regimal time 3 8.500
The basic electricity safety lessons are displayed at the required places like. Electric poles, succession light, no entry areas and ghost mark are also mentioned. Authentic receipt is provided to consumer against bill payment. 5 5.828
The justice and accidental benefits and subsidies are provided to consumers categorically. 4 2.454
In Figure 1 , the correlation between the design requirements are found.
Individual rating = n ij j j A .X ∑ = Customer evaluated rates calculated from Table 8, where A ij and X j denote the relative importance of the i th characteristics with respect to the j th customer need in the relationship matrix and the importance of j th customer needs (customer ratings) and n is the number of customer needs. Table 9 shows the correlation of design requirement and customer requirement.
In Table 9 , the design requirements are ranked as per the priorities and Table 10 , shows the important ranked design priorities. Table 9 , correlation between customer requirement and design requirement it is observed that the voltage fluctuation must be less is ranked first, transformer and equipments are of high resolution is ranked 2nd. The power system quality and power shedding must be avoided are ranked as 3rd and 4th. So according to the ranks in the system the electricity policy must be regulated. With framing new policies in electricity utility sector the dissatisfaction in this service sector can be avoided and the expectation of customers satisfaction can be reached. Table 9 Correlation of design requirement and customer requirement 
Conclusions
As electric utilities operate in a rapidly changing market, the role of the customer becomes important to provide quality service. Growing competition between utilities, changing legislation and increased usage of sensitive and disturbing end-user equipment are some of the reasons for increasing customer dissatisfaction. Therefore, attention needs to be diverted towards customers' perception on quality of electricity supply and its related services so that managers can focus on specific areas of concern to improve customer satisfaction. The study has adopted factor analysis to a survey questionnaire specifically designed to capture perception of the customers in four sectors such as agriculture, industrial and commercial, public organisations and domestic users. The factor analysis with varimax rotation results seven dimensions such as empathy, tangibility, reliability, responsiveness, security and stability. Out of 26 items, 22 items are loaded on five dimensions having factor loading score of 0.6. Percentage of total variance explained was found to be 79% which is an acceptable value for the principal component varimax rotated factor loading procedure. The value of Cronbach's alpha for all dimensions is 0.7493 which is well above the acceptable value of 0.70 for demonstrating internal consistency of the established scale. Then for designing a framework for customer satisfaction in electricity utility service QFD is used and the voltage fluctuation must be less is ranked first, transformer and equipments are of high resolution is ranked 2nd. The power system quality and power shedding must be avoided are ranked as 3rd and 4th. From this, it is found that before framing the new electricity policy regulations the Govt must give stress on the above elements/items depending upon their priorities. So that maximum customer satisfaction is achieved. This method can be implemented to different service industries to capture perception of consumer's. It means that QFD is successfully implemented to electricity utility sector. It can be also implemented to other utility sectors like water, gas, telecommunication or some other services like internet service, education, etc. In this study, although electricity sector service is considered but a country like India few things are not considered means the electricity service in rural, urban areas and also this service also very for all states for different types of consumers. So in future these cases may be taken care.
Some limitations are also found in this research like Cronbach's alpha is not so high in some of the cases, because, although the value of alpha for all dimensions is 0.7493, for some dimensions do not reach the value of 0.7. This may be due to the fact that the nature of the population itself. Sometimes the age, time, place and understanding of questions also impact a lot on the survey and this survey is done for only 293 populations, for large section it may vary.
